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Simon et al suggest that composite fermions (CF) must be replaced by composite 
bosons (CB) and "111" state is a boson state. However, we find that such a transition in 
real GaAs is not possible and the CF state can not become a boson. Simon et al suggest 
that the total number of CFs and CBs is conserved. However, we find that the number of 
quasiparticles need not be conserved. Similarly, Simon et al suggest that CFs are formed 
but we find that this formation does not conserve energy so that CFs will not be formed. 
Simon et al compute using products of fermion and boson wave functions. We find that 
these results are not in agreement with the experimental data. 
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1. Introduction 

Recently, Simon et al[l] have suggested that in a bilayer with each layer half filled as 
the layer separation is reduced, the CF Fermi sea must be replaced by a composite boson 
or a "111" state. It has been proposed that CFs and CBs coexist in two interpenetrating 
fluids. It is further claimed that a Chern-Simons transport theory is constructed that 
is compatible with experiments. The numerically exact computation of the energy and 
wave function has been presented. We find that (a) "111" state is antisymmetric and 
hence a fermion. In a Laughlin representation both the fermions as well as bosons are 
possible, (b) The formation of CF and hence that of CB is subject to flux attachment 
to the electrons but there is no provision to detach flux from the electrons. We can 
make Laughlin 's incompressible fractionally charged quasiparticles or the compressible 
CFs with field corrected but not both. The fiux is not independent of currents, (c) We 
discuss the Chern-Simons field. However, we find that such a theory is not in agreement 
with the experimental data. The numerically exact calculation gives a very broad maxima 
whereas the experimental data has a very sharp peak. 

2. Comments. 

(i) The "111" state 

Consider a system with two layers in which each layer is half filled, i.e., = n0o/_B=l/2 
where n is the density of electrons per unit area and 0o is the unit flux, 0o=hc/e. The 
magnetic fleld, B, is applied perpendicular to the surface of the sample. The spacing 
between two layers is d. Simon et al[l] suggest that for large d the system is described as 
compressible composite fermion (CF) Fermi sea with strong intralayer correlations and 
no interlayer correlations. For small values of d, there is a "111" state which can be 
described composite boson (CB). 

First of all the CFs are unrealistic and internally inconsistent objects as explained in 
the past [2]. Their mass is much too big and their size is also too large to fit in. The 
density of CFs also can not be equal to that of the electrons. The "111" state will have 
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factors like, 

Iplll ~ (Zu - ZV2){Z2\ - 2^22) (2^31 - 2:32) (1) 

where in Zij the first subscript indicates coordinates of three electrons, 2:1, 2:2, and Zo,. 
The second subscript identifies two electrons, Zi\ and Zi2. When the second subscript is 
interchanged z\\-z\i becomes Z\i-Z\\ so that it changes sign. All of the three products 
change sign upon interchanging the second subscript. Hence zw-zyi is antisymmetric. 
Similarly, the other two products are also antisymmetric. The exponent m=l or odd in 
(Z11-Z12)'" maintains antisymmetry. Therefore, "111" is antisymmetric and hence always 
a fermionic state. This state can not become a boson. When m — "i the state "333" 
will also be antisymmetric and hence a fermionic state and never a bosonic state. When 
m=even, for example, "222", i.e., 

V'222 = (^11 - ^12)^(^21 - ^22)^(^31 - ^32)^ (2) 

is always a bosonic state by symmetry alone. The thermal distribution of bosons, rib and 
that of fermions, n/, are given by, 

< rib >= \ex-p{liu) - [i)lkBT - 1]"^ (3) 

and 

< n/ >= [exp(e - eF)//cBr+ 1]"^ (4) 

at T=0, e-ep/kB^^ 00 and hence the additional term of +1 in the denominator becomes 
negligible. Therefore, as far as thermal value is concerned, 

< nb >—< Uf > with fiuj — e — ep (5) 

and the concept of the three dimensional fermi surface given up, in one-dimension, the 
and Uf can cross over. In this naive interpretation, in one dimension at zero temperature 
the boson number density becomes equal to the fermi value. Otherwise the Fermi and 
Bose statistices never meet. Therefore there is no chance of transmutation of Fermi and 
Bose statistices. There are quantum mechanical reasons why Bose and Fermi statistices 
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never cross. For example, the fermions obey the Pauh exclusion principle whereas bosons 
do not. In fact, Tomonaga[3] had realised that one can not assign numerical values 
simultaneously to both kind of occupation numbers. Therefore, "111" will be a fermion 
and never become a boson. Simon et al consider the nature of phase transition between 
CF and CB. In the modern field theory this type of change of statistics is not permitted. 
The assertion of Simon et al[l] that '111" state is a bosonic state is not correct. 
(ii) Number conservation. 

Simon et al suggested that transition between the CF Fermi sea and the CB "111" 
may be of first order. They also suggest that the total number of CBs and the CFs 
remain fixed. Usually the fermion number is conserved but the boson number need not 
be conserved. However, if bosons are charged with a unit charge, then charge conservation 
includes the conservation of boson number also. When one boson of fractional charge 
combines with one fermion of fractional charge, two particles combine into one, then 
charge is conserved but the number of particles is not. For example, charges 2/3 and 
1/3 combine to make one particle of charge 1, then the number of quasiparticles is not 
conserved. Two particles of charge 1/3 each may combine to form one particle of charge 
2/3. Then the number is not conserved. If one electron and one hole combine and one 
photon is emitted, then the number of quasiparticles is not conserved. Therefore, the 
experimental observation need not agree with the theoretical idea of Simon et al that the 
number of quasiparticles is conserved. 

(in) Energy conservation. 

The CF is obtained by attaching 2 zeros of the wave function to each electron [4- 
6]. This attachment has not been obtained by quantum mechanics. This is a result of 
^''random" writing of experimentally obtained effective charges which has not yet been 
derived by theory of electrodynamics. The Chern-Simons correction has been obtained 
by setting the scalar potential to zero and correcting only the vector potential of the 
electromagnetic field. This kind of calculation will not be consistent with the electro- 
magnetic field theory of the classical electrodynamics which is the basis of production 
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of magnets. It will modify the Maxwell equations and hence will be inconsistent with 
the experimental data. Simon et al suggest that the two flux quanta are attached to one 
electron so that the magnetic field becomes, 

B* ^B- 2n(f)o (6) 

and the electric field becomes, 

E* = E- 2eJ (7) 

where E is the actual electric field, J is the fermion current and e = (/i/e^)r with r = iay. 
Here E*=pfJ so that the electrical resistivity becomes, 

P = P/ + 2e. (8) 

When E* x B* is the electromagnetic energy, it is less than ExB. The energy in E* x B* is 
less than in E x B by the amount, Aen(l)oJx-'^£JxBz-2n(f)oEx. Then what happened to the 
'^missing energy"? This means that when CFs are created from electrons, the energy 
is not conserved. There is nothing in the Jain's formulas [3] which can conserve energy. 
Therefore, the CFs are not consistent with the '^principle of conservation of energy" . 
When CP breaks, the electrons and even number of flux quanta are created. The flux 
quanta are bosons and their emission satisfies the Goldstone theorem but along with the 
flux quanta, currents should also be emitted. No such currents are prescribed by CF 
formulas. Hence, the CF is internally inconsistent. 
(iv) Incompressibility. 

There is an idea that electron is bound to a single zero of the wave function. So that 
when product wave function is written, the electron wave function will be multiplied by 
zero and become zero. Then there is no flux attachment in the Laughlin wave function. 
In the case of Laughlin's wave function, the system is incompressible. In the case of flux 
attachment, the system becomes compressible. Either the charge is modifled by making 
the system incompressible or the fleld is modifled in the compressible system. Thus both 
possibilities will be incompatible but one may resort to taking linear combination of both 
results but then such a phenomenon does not occur. 
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Simon et al suggest that a Chern-Simons theory can be written for "111" state. Here 
each electron is exactly modeled as a boson bound to 1 flux quantum, where the bosons 
see flux from both layers. The effective magnetic held seen due to electron density n^^^ 
in one layer and n^^^ in another layer is written as, 

= (9) 

and the electric fleld becomes, 

+ j(2))_ (10) 

At the condensation point, E*°' = so that E°'—e{j'^^^ + J^^^). However, as pointed out, 
if both E* and B* are reduced, then energy is not conserved. 

(v) Calculation and Data. 

Transition wavefunctions/numerical calculations. Simon et al[l] considered a flnite 
sized bilayer sphere with 5 electrons per layer and a monopole of flux 90o at its centre. 
They write products of wave functions in which some factors have even m and some have 
odd so that products of fermion and boson wave functions arise. An effort is made to 
plot, 

I ^ '4^trial\'4^ ground \ and Efj-j^gi Egj.gy^^^ (H) 

These theoretical results arc not in accord with the experimental data of Spielman et 
al[7]. It has been suggested that the mixed CB-CF states have very high overlap with 
the exact ground state implying that the trial state is the ground state. So the trial state 
is a mixture of bosons and fermions. The experiment is consistent with the emission 
of a Goldstone boson which is not the same system as product of fermions and bosons. 
On theoretical grounds, there is no mention of orthogonality of wave functions and the 
orthogonal wave functions have not been written down. It has been suggested that CB- 
CF theory can be generalized for unequal densities as well as for flUing fractions away from 
1/1 — 1/2 — 1/2. Surely, there are unequal densities but then such corrections if made will 
reduce the existing agreement between theory and the data. Simon et al have described 
the crossover between a CF liquid and a CB state and obtained exact results. They 
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also claim that their appears to be a reasonable agreement with the data. The fermions 
obey anticommutators and bosons commutators but there is no way for anticommutators 
to become commutators. If fermions are transmutated to bosons, it may be so at zero 
temperature. The exactness of the Laughlin calculation assumes "incompressibility" but 
the real system is compressible. In the experiments on quantum Hall effect in bilayers, 
there is no evidence of transmutation. The data need not be incompressible. There is no 
evidence of flux quanta attachment since there is no detachment. The experimental data 
also does not show evidence of conversion of bosons into fermions. In short, contrary to 
the claims made by Simon et al the data is not in agreemwent with the theory of Simon 
et al[l]. 

(vi) Correction. 

The mass of a CF is several thousand times larger than the experimental mass. For 
^CF the mass may be lOOOrrie but the experimental mass is 0.4me. Hence there is no 
way for the CF-CB theory to agree with the data. 
3. Conclusions. 

There is a product of fermion and boson wave functions and it is claimed by Simon 
et al that such a wave function agrees with the data. We find that the algebra in the 
Laughlin wave function assumes incompressibility while in the CF model the system 
is compressible. The experimental data of Spielman et al has a sharp peak while the 
calculation of Simon et al has a broad response. Therefore, contrary to what is claimed 
the data are not in agreement with calculations of Simon et al. 
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The correct theory of quantum Hall effect is given in ref.8. 
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